I. INTRODUCTION
Calorimeters are an important tool in high-energy experimental physics. 1 One's ability to design·a calorimeter to perform a certain task can have a strong influence upon the validity of experimental results. The purpose of this paper is to describe a program package, CALOR, that, used with HETC, 2 has been developed to assist experimentalists in designing and analyiing different calorimeter systems, thereby resulting in a savings of time, money, and effort. The validity of the results obtained with_CALOR (and HETC) has been verified many times by comparison with experimental data.3-lO The codes are quite generalized and detailed enough so that any experimental calorimeter setup can be studied. Due to this generalization, some software development is necessary because of the wide diversity of calorimeter designs. However, the sample problem presented illustrates many of the facets of the program. Since it is assumed that the user already has the code system HETC operational, only a brief discussion of HETC is given here.
II. GENERAL DESCRIPTION
The three-dimensional, multimedia high-energy nucleon-meson transport code HETC 2 is used with a slight modification (see sect. III) to obtain a detailed.description of the nucleon-meson cascade produced in energyabsorbing devices.* This Monte Carlo c~de takes into account the slowing \ down of charged particles (via the continuous slowing-down approximation), the decay of charged pions and muons, nonelastic nucleon-and charged-pionnucleus (excluding hydrogen) collisions [through the intranuclear-cascadeevaporation modelll (E ~ 3 GeV) and the extrapolation-evaporation model 12 *The program to allow for incident kaons will be distributed at a later date.
(E;., 3 GeV}], nonelastic n·ucleon-and charged-pion-hydrogen collisions [via the isobar modell 3 (E ~ 3 GeV} and phenomenological fits to experimental datal 4 (E ~ 3 GeV}], elastic neutron-nucleus collisions (E ~ 100 MeV}, and elastic nucleon-and charged-pion collisions with hydrogen. In most applications using HETC, nucleons are transported to 10 MeV and charged pions are transported to~ 1 MeV, with negative pions being captured when they slow down to their cutoff energy. In most calorimeter applications, neutrons below 10 MeV are assumed to deposit their energy at their point of origin or their energy is prorated on a gram-thickness basis between the detector and absorber. In applications where the transport of low-energy neutrons is important (for example, in uranium-loaded calorimeters*}, the three-dimensional multigroup neutron and gamma-ray Monte Carlo transport code MORSElS or the three-dimensional neutron Monte Carlo transport code 05R 16 is used.
The source distribution for the electromagnetic-cascade calculation, i.e .
• photons from neutra 1-pi on decay and electrons and pos ftruns fr·u111 1uuon decay, is provided by HETC. The transport of these particles is carried out using a modified version of the Monte Carlo code developed by Beck. 17 This code takes into account most of the significant electron-, positron-, and photon-interaction processes, i.e., Compton scattering, pair production, bremsstrahlung, photoelectric effect, annihilation, and the slowing down of electrons and positrons due to ionization and excitation.
The two major modifications of the original Beck code are: (1} the change from a one-medium transport code to a multimedium transport code, and *The programs to allow analysis of uranium-loaded calorimeters will be distributed at a later date.
.! .
•
(2) the inclusion of a more generalized geometry package so that a threedimensional transport calculation can be performed. For all processes except Compton scattering, however, the products of an interaction are assumed to be emitted in the same direction as the particle producing the interaction.* Gamma rays from the decay of excited nuclei following a nuclear interaction are not transported in the present code setup but are.assumed to deposit their energy at their point of origin or their energy is prorated as in the case of the low-energy neutrons.t This is a fairly good approximation since a large portion of the electromagnetic-cascade source energy for the problems considered here results from neutral pions.
The nonlinearity of the light pulse from plastic or liquid scintillators (i.e., the light observed is not in direct proportion to the energy deposited due to saturation) is taken into account by the use of Birks' law: 18
The light curves corresponding to several particles at low energies for the media indicated are shown in fig. la 
III. DESCRIPTION OF CALOR CODES AND THEIR INPUTS
A generalized flow chart of the interdependence of the codes is given in Fig. 2 . The input description for the codes and their use follows. For most applications, the transport of the low-energy neutrons and gamma rays is * not necessary and therefore will not be discussed in this report.
A. DMC
The coding in HETC does not allow pion decay (or muon decay) to occur explicitly. Instead, the statistical weight of the. pion (or muon) is multiplied by the nondecay probability at each collision and a muon [or electron (not transported in HETC)] is allowed to be produced with a weight equal to the change in the pion weight (or muon weight). The LINEAR code expects the data in the following order: 1} protons, 2} pions, 3} muons, 4} kaons.
Card I is repeated for the above four particle types and is followed by a blank card. For an element mixture W can be calculated as follows:
where. Wi = the ionization potential of the nth element in the mixture and ni = the electron density of the nth element in the mixture.
AMAT: Symbol defining the media; e.g., Fe, Al, Nai, etc. Cards D-P are repeated for N~MED rned'ia.
Geometry Input Data
The description for the gener~l geometry input is described in detail in the HETC manual and will not be reproduced here. The cylindrical geometry description follows. ZB: Location of all z boundaries.
Card{s) W:
Data cards needed by the user in FUGIT.
IV. SAMPLE PROBLEM
The calorimeter sample problem considered here is illustrated in Fig. 3 . The device consists of 12 cylindrical unit cells, each .composed of a 2-cm-thick Fe sheet, a 1-cm-thick plastic sheet, a 2-cm-thick Fe sheet, and a 1-cm-thick lucite sheet. Each of the sheets has a radius of 15 em.
The following will be calculated for this device for incident 1-GeV n-:
1) The linear and nonlinear scintillation pulse-height distributions;
2) The Cerenkov pulse-height distribution;
3) Total energy deposited in the system; 4) Total leakage energy {front, side, and back).
Since a FUGIT{s) must be written for each calorimeter application, a brief discussion of this routine follows. {It is assumed that the reader has obtained a listing of the sample subroutines from the tape). 
Calorimeter System for Sample Problem. IZ: A variable set by the code to indicate the z interval.
Presently a value of 1 is the only one acceptable (see ZZT).
!TIP: Indicate the type of current particle being followed. J: Defines the types of energy deposition (see EDl). NUM: Indicates which incident particle is being analyzed.
OAT: No useful information is stored here.
• . 25
The meaning of the argument list not already defined is as follows for· subroutine FUGIT used.in the ELPHO code. NUM = current incident particle TEMP= energy deposited (in mec 2 Note that the code system is set up so that medium two is the detection medium for scintillation light, etc., and medium three is the medium for Cerenkov light. 
